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SUMMARY  OF  FINDINGS 


The  general  purpose  of  this  study  is  to  survey  the  characteristics 
of  the  geographic  areas  in  which  fast  current  oil  control  systems  are 
currently  required,  in  order  to  define  the  requirements  for  such  a 
system.  More  specifically,  the  objectives  of  this  study  are: 

1.  Examine  the  natural  geographic  areas  of  the  U.  S. ,  establishing  those 
with  high  oil  concentrations  and  spill  frequencies,  using  data  available 
as  of  mid-1973. 

2.  Identify  a  representative  sample  of  present  high  pollution  risk  areas, 
and  categorize  them  by  hydrographic  type. 

3.  Define  the  environmental  characteristics  within  each  selected  risk 
area  and  hydrographic  type. 

4.  Provide  results  which  can  be  used  to  help  define  requirements  to  be 
used  in  development  of  a  fast  current  oil  control  system. 
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High  Risk  Areas: 


A.i  original  131  specific  geographic  areas,  showed  a  concentration 
of  oil  (combined  production,  traffic  and  storage)  mounting  to  more 
than  3  million  barrels  each.  These  were  compared  with  areas  showing 


a  high  spill  frequency,  and  therefore  a  high  spill  potential.  Geographic 
characteristics  were  fed  into  the  calculation,  and  a  representative 


sample  of  44  high  risk  areas  were  chosen: 


General  Areas 


High  Risk  Locations 


At.,  antic 
Gulf 
Pacif ic 
Inland 
Great  Lakes 


17  areas 
5  areas 
10  areas 
9  areas 
3  areas 


44  areas 

Sorted  another  way  —  by  ty;  ■  of  water  body  —  the  breakdown  is  as 
follows : 

Waters 


Inland  Rivers  12 
Open  Rivers  13 
Bays  5 
Channels  5 
Harbors  4 
Canals  3 
Intracoastal  Waterways  2 


44 

The  Atlantic  Coast  area  experiences  almost  half  (44.3  percent)  of 
all  oil  spilled,  by  volume.  the  Gulf  Coast,  Great  Lakes,  Inland  area, 
and  Pacific  Coast  account  for  about  14  percent  each.  Rivers  were  found 
to  be  the  waters  with  the  greatest  quantities  of  pollutant  oil,  carrying 
40  percent  of  the  total  volume.  Harbors  were  next  vrith  almost  15  percent; 
followed  by  bays,  estuaries  and  sounds  with  13  percent;  and  the  contiguous 
zone  open  waters  with  10  percent.  Channels  and  other  miscellaneous  waters 
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such  as  beaches  and  non-navagable  streams  accounted  for  the  remaining 
22  percent  between  them. 

The  statistics  on  spill  frequency  show  that  the  Gulf  Coast  averages 
the  greatest  number  of  spills,  with  almost  half  (44.8  percent)  of  the 
total.  The  Atlantic  Coast  was  second,  with  a  quarter  (24.3  percent)  of 
the  spills,  and  the  Pacific  Coast  had  a  fifth.  It  was  found  that  the 
harbors  had  the  greatest  spill  frequency,  almost  a  third  (31.2  percent) 
of  the  total.  Bays,  estuaries  and  sounds  were  a  high  second  (28.1  percent). 
Rivers  and  contiguous  open  waters  followed  with  a  little  over  14  percent 
each . 

It  should  be  noted  that  the  statistical  positioning  above  could 
be  either  in  whole  or  part  the  combined  result  of  better  reporting 
procedures  in  one  area  over  another,  greater  volume  of  oil  flow,  and/or 
operational  carelessness.  Since  these  relationships  have  continued 
for  years,  however,  they  appear  to  be  valid  characteristics  of  the 
geographic  areas  in  question. 

Environmental  Characteristics: 

Next  in  this  study,  environmental  parameters  in  the  selected 
high  risk  areas  were  identified,  as  were  those  in  the  hydrographic 
categories  ("waters")  within  the  areas.  The  study  reveals  sets  of 
applicable  and  significant  data  relative  to  each  parameter. 

The  average  of  the  highest  currents  in  the  areas  was  found  to  be 
5.8  knots.  The  extreme  high  current  was  12  knots.  The  tide  results 
show  extremes  of  as  high  as  15.3  feet;  average  highs  of  from  9.5  feet 
to  7.2  feet  were  found.  The  water  temperatures  (F)  reveal  extremes  of  as 
high  as  93°  and  as  low  as  33°.  The  air  temperature  (F)  ranged  in  its 
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extremes  from  114°  to  -39°,  with  record  average  mean  temperatures  of 
58°-59°.  The  data  shows  that  the  waves  can  be  expected  to  be  less  than 
5-6  feet  79  to  30  percent  of  the  time.  The  highest  wind  found  was 
104  knots;  a  wind  of  between  7  and  17  knots  car.  be  expected  51  to  52 
percent  of  the  time. 

Nothing  in  this  study  deals  with  future  long-range  shifts  in  the 
oil  concentration  areas.  These  shifts  may  be  major,  and  they  could 
significantly  modify  the  findings  of  this  paper.  RattelJe  Columbus  Labs 
is  conducting  two  studies  that  consider  the  effects  of  these  changes,  and 
the  results  will  be  combined  with  the  present  paper  to  develop  the 
oil  control  design  goals. 

The  study  also  does  not  attempt  to  categorize  the  types  of  oils 
shipped  or  otherwise  handled  in  the  selected  high  risk  areas.  Battelle, 
in  its  two  oil  traffic  pattern  studies  conducted  for  the  Coast  Guard, 
analyzes  four  petroleum  commodities  (gasoline,  distillate  fuel  oils, 
residual  fuel  oils  and  crude  or  1 )  for  several  of  the  high  risk  locations. 

These  reports  are  available  to  the  public  through  the  National  Technical 
Information  Service,  Springfield,  Virginia  22151. 
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APPROACH  TO  THE  PROBLEM  AND  METHODS  UTILIZED 


Research,  tests  and  evaluations  by  the  Office  of  Research  and 
Development  indicate  that  in  high  currents,  oil  cannot  now  successfully 
be  either  contained  or  recovered  from  the  ocean  surface.  The  maximum 
current  in  which  oil  can  be  contained  is  about  one  knot,  dependent  on 
the  ocean  environment  and  the  type  of  oil  spilled.  High  pollution  risk 
areas  exist  where  either  the  currents  are  greater  than  one  knot  or  it 
may  be  desirable  to  tow  response  equipment  at  fast  speeds.  Performance 
of  existing  off-the-shelf  and  developed  prototype  equipment  has  proven 
inadequate  in  these  situations.  Equipment  whose  operational  envelope 
permits  higher  speeds  is  necessary. 

Specifically,  the  methodology  for  this  project  included  the  following 
tasks : 

1.  Determination  of  the  high  risk  oil  pollution  areas. 

2.  Determination  of  those  environmental  characteristics  of  interest. 

3.  Identification  of  data  resources;  formulation  of  a  search  system;  and 
extraction  of  the  data. 

4.  Development  of  documentation,  analysis  and  synthesis  techniques;  and 
summarization  of  the  findings. 

Procedure : 

The  object  of  the  project  being  to  develop  environmental  design  goals 
for  a  fast  current  oil  control  system,  first,  those  geographic  areas  in 
which  such  a  system  was  required  were  determined.  The  procedure  followed 
in  selecting  these  areas  involved  an  analysis  of  a  composite  called 
oil  concentration  areas,  through  a  review  of  annual  volumes  of  oil  handled, 
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oil  stored,  and  oil  transit  traffic.  The  base  years  for  this  were  1970- 
1971.  This  analysis  was  contrasted  with  annual  oil  spill  frequency  in 
1970-71-72. 

These  years  represent  the  latest  available  data.  This  data  is  the 
result  of  at  least  five  years  of  intensive  oil  pollution  data  collection 
experience.  The  data  —  and  conclusions  properly  drawn  therefrom  — 
should  be  valid. 

The  contrast  of  oil  concentration  areas  with  oil  spill  frequency 
allowed  for  a  rank  ordering  of  geographic  areas  and  a  selection  of  high 
risk  areas.  It  was  assumed  that  where  high  oil  concentrations  and  high 
spill  frequencies  coincided,  these  were  the  high  risk  areas.  Thus  a 
high  risk  area  was  one  where  the  objective  evidence  indicated  a  fast 
current  control  system  might  be  needed. 

Environmental  parameters  were  selected  such  that  the  widest 
environmental  data  past  or  present  could  be  shown.  The  resources  used 
to  obtain  data  were  in-house  literature,  in-house  interview,  other 
agencies,  district  marine  environmental  protection  officers,  and 
regional  oil  cooperatives. 

Finally,  a  synthesis  of  the  documented  evidence  was  made,  through 
a  series  of  graphs,  tables,  and  figures  illustrating  the  results  of  the 
study.  The  data  was  summarized  textually,  with  the  object  of  oroviding 
the  executive  reader  with  the  findings  in  a  convenient  form.  What 
emerged  was  a  foundation  from  which  environmental  design  goals  for  a 
fast  current  control  system  could  be  established. 


GEOGRAPHICAL  AREAS 


The  geographical  areas  were  determined  according  to  the  general 
marine  areas  of  the  United  States.  These  areas  included  the  Atlantic 
Coast  from  Maine  to  Florida's  East  coast.  Gulf  Coast  from  Florida's 
West  Coast  to  the  Texas  -  Mexico  border.  Pacific  Coast  from  Southern 
California  to  the  Washington  -  Canadian  border,  Great  Lakes  area  at 
the  U.  S.  border,  and  the  Inland  Water  area  from  Minneapolis-St  Paul, 
Minn,  to  Baton  Rouge,  Louisiana. 

OIL  CONCENTRATION  AREAS 


To  develop  the  composite  called  oil  concentration  areas,  the  volume 
of  oil  handled,  stored,  or  transported  was  considered.  The  principle 
sources  of  data  were:  The  Corps  of  Engineers  annual  five  volume  publication 
titled  Waterborne  Commerce  of  the  United  St^ues  (1970-71);  Corps  of 
Engineers  "Port  Series"  publications;  the  American  Petroleum  Institute's 
Information  on  Offshore  and  Inland  Facilities  and  Pipeline  Crossings  (1972) 
Further  data  was  extracted  from  in-house  publications  such  as  the 
Dillingham  Analysis  of  Oil  Spills  Study  of  1970;  Analysis  of  Coastal 
Tank  Vessel  &  Barge  Traffic  (1973) ;  The  Purdue  Study  in  Internal  Movements , 
Imports  &  Exports  of  Petroleum  Products  (1973);  Where  Trends  the  Flow  of 
Merchant  Ships  -  Bates  Paper  (1973);  Water  Transportation  of  Petroleum 
Products  in  the  Future  -  Ames  Paper  (1973)  ;  Report  in  U.  S.  Energy 
Outlook  -  National  Petroleum  Council  (1972) ;  and  Support  Systems  to 
Deliver  and  Maintain  Oil  Recovery  Systems  and  Disposal  of  Recovered  Oil  - 
Battelle  (Draft)  (1973).  An  investigation  was  also  made  into  the  reprocessing 
or  re-refining  of  used  oil. 
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The  areas  of  oil  concentration  were  categorized  Lnt,.  live  genera ! 
groups  according  to  concentrations  per  year  of  100  mi J lion  barrels  or 
over,  50-100  million  barrels,  25-50  million  barrels,  10-25  milLion  barrels 
and  3-10  million  barrels.  One  hundred  and  thirty  one  locations  were 
determined  under  these  categories.  When  areas  with  concentrations  of 
less  than  3  million  barrels  per  year  were  considered,  an  additional  140 
locations  were  identified. 

OIL  SPILL  FREQUENCY 

The  publication  titled  Polluting  Incidents  In  and  Around  U.  S.  Waters, 
C0MDT  (G-WLP)  U.  S.  Coast  Guard,  calendar  years  1970-71-72  was  used  lu 
determine  spill  frequency.  Figure  1  reveals  the  averages  of  spill  history 
for  1971-72,  showing  the  percent  of  spills  and  percent  of  volume  in  the 
five  geographic  areas.  Th>_  same  data  for  types  of  waters  within  the 
areas,  including  rivers,  contiguous  open  waters,  harbors,  bays,  estuaries, 
sounds,  channels  &  canals  and  non-navi  gable  waters  are  reflected  in 
Figure  2.  Sources  of  polluting  spills  may  be  found  in  Figure  3.  The 
average  percentage  of  spills  by  Coast  Guard  District,  including  percentage 
of  volume  is  further  refined  in  Figure  4.  This  compilation  allowed  for 
a  ranking  of  the  districts  according  to  percent  of  volume.  The  ranking 
shows  the  Eighth  Coast  Guard  District  to  be  number  one,  followed  by  the 
Third  District  and  the  others  as  shown.  Number  of  spills  was  assumed  to 
be  more  important  than  volume  of  spills  in  making  the  rankings.  This 
assumption  was  made  on  the  basis  that  6  out  of  10  of  the  districts  had 
a  combined  volume  of  oniy  3.+  percent  of  the  total  volume  of  oil  spilled, 
whereas  each  of  the  10  districts  considered  had  a  percentage  of  total 
number  of  spills  greater  than  3.+  percent.  This  asst,  prion  allowed  a 


wider  geographical  representation  of  high  risk  areas. 


CONTRASTING  SPILL  FREQUENCY  WITH  OIL  CONCENTRATION 


A  conparison  of  oil  spill  frequency  with  locations  of  high  oil 
concentrations  is  reflected  in  Table  B.  High  risk  areas  were  selected 
in  terms  of  (1)  the  established  evidence,  (2)  the  short  term  projections  of  oil 
concentration  development,  (3)  the  various  and  differing  marine  environ¬ 
ments,  (4)  recommendations  of  the  district  marine  environmental  protection 
offices,  and  (5)  in  consultation  with  the  project  manager  of  the  fast 
current  oil  control  system.  Out  of  the  131  original  locations  44  were 
selected  as  high  risk  areas.  Those  areas  are  shown  in  Table  A,  as  the 
sample  used  in  the  study.  Locations  are  subheaded  by  the  type  of  water 
involved.  Limits  of  area  miles  to  be  considered  in  each  location  are 
approximate  points  and  figures,  used  in  the  context  that  within  the  limits 
required  data  would  be  found. 

Figure  5  illustrates  the  principal  oil  spill  control  areas,  and 
the  general  volume  of  traffic  and  locations  of  the  selected  high-risk 
locations.  Referring  to  Table  A,  it  is  noted  that  each  location  is 
numbered  and  indicated  in  graphic  display  in  the  figure  mentioned. 

THE  ENVIRONMENTAL  PARAMETERS 


The  environmental  parameters  to  be  concidecad  included  currents, 
waves,  temperature,  wind  and  tides.  Gathering  of  the  data  was  accom¬ 
plished  through  use  of  a  work  sheet  shown  in  Appendix  2.  For  each  item, 
where  applicable,  the  annual  high-low-mean  values  were  determined. 
Otherwise  the  record  annual  data  was  determined  on  average  maximums, 
average  minimums,  and  average  means. 

The  basic  sources  for  waves,  sea  temperatures  and  winds  were 
Tables  1,9,20,3A  and  15  respectively,  from  the  Summary  of  Synoptic 
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Meteorlogical  Observations  -  USN  Weather  Command,  1970.  Whore  c.l  i 
needed  amplification,  the  following  sources  were  consulted:  The 
Oceanographic  Atlas  -  USNOO  Pub.  No.  700;  Graphic  Construction  oi  Wave 
Refraction  Diagrams  -  H.  0.  Pub.  No.  605;  SeriaJ  Atlas  of  the  Marine 
Environment  -  Folio  15  -  American  Geo.  Society,  1973;  Local  Climatology 
Data  -  USDC  NOAA,  1972;  and,  Corps  of  Engineers,  San  Francisco  Bay 
Model,  Saiselito  Ca.  The  sources  for  tides  and  currents  were  the  Tidal 
Current  Tables  and  Tide  Tables,  and  Marine  Weather  Service  Charts,  USDC 
NOAA,  1973.  In  computing  tides  and  currents,  standard  conversion  procedures 
were  used  in  identifying  figures  away  from  given  reference  points. 

Annual  high-low  figures  were  obtained  by  an  inspection  of  the  annual 
tables  for  1972.  Air  temperatures  were  obtained  from  the  publication: 

Local  Climatological  Data,  USDC  NOAA,  1972.  Average  maximums ,  minimums  and 
means  were  from  the  record  over  the  years,  as  were  the  extreme  high  and 
lows . 

The  Summary  of  Synoptic  Meteorological  Observations  as  a  basic  source 
of  reference  material  needs  comment.  The  data  compiled  in  this  publication 
is  gathered  in  1°  quadrants.  Thus  it  is  conceivable  that  shoreside  data 
may  be  a  composite  of  data  anywhere  within  60  miles.  To  assure  a  better 
measure  of  accuracy,  the  following  publications  were  reviewed,  namely 
Oceanographic  Report  #53,  C.  G.  373-53  (East  Coast)  1973;  Climatological 
Study  Southern  California  Operating  Area,  NWSED  -  Asheville  N.  C.  ,  1971; 
and  Corps  of  Engineers  periodicals. 

Where  information  appeared  unavailable  from  published  and  documented 
sources,  contact  was  made  with  the  Corps  of  Engineers  Hydrology  Offices 
in  each  of  the  locations  concerned.  The  U.  S.  Geodetic  Survey  was  also 
contacted,  usefully. 
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FINDINGS 


Summarization  of  environmental  parameters  for  input  into  the 
design  of  fast  current  oil  control  system  requires  a  knowledge  of 
the  geographic  areas  in  which  such  a  system  is  needed.  To  determine 
the  geographic  areas  of  concern,  the  areas  jf  heavy  oil  concentration 
(production,  traffic  and  storage)  were  contrasted  witn  oil  spill  frequency. 
This  permitted  the  identification  of  high  risk  oil  control  locations  within 
geographic  areas. 

The  high  risk  oil  control  locations  were  further  identified  by 
hydrographic  categories  ("waters") :  harbors,  bays,  inland  rivers,  open 
(tidal)  rivers,  canals,  channels  and  inter-coastal  waterways. 

Environmental  data  were  obtained  for  the  high  risk  geographic 
locations.  From  this,  design  parameters  resulted.  The  data  is  presented 
here  in  sets  and  subsets,  descriptive  of  the  areas  studied. 


GEOGRAPHIC  AREAS 


Table  A  shows  the  sample  of  areas  of  high  oil  pollution  risk  that 
was  selected.  These  44  areas  were  chosen  from  an  original  131  areas 
which  showed  combined  concentrations  of  oil  amounting  to  more  than 
3  million  barrels  per  year  each.  A  categorization  by  hydrographic  type 
shows : 


WATERS  SELECTED  FOR  ENVIRONMENTAL  ANALYSIS 


Map 

Ref 

Region 

Location 

Map 

Ref 

Region 

Location 

30 

Inland  Rivers 

Port  land (Oregon)  3 

Open  Rivers 

Albany 

31 

tl 

Tri-Cities 

4 

It 

Newburgh 

33 

If 

Pittsburgh 

5 

If 

East  R. 

34 

II 

Huntington 

6 

II 

N.  London 

35 

II 

Cincinnatti 

7 

II 

Delaware 

36 

II 

Louisville 

10 

II 

Washington(D.C) 

37 

II 

Evansville 

11 

II 

Richmond  (VA) 
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Map 

Ref 

Ref?  ion 

Location 

yap 

Ref 

Region 

Location 

37 

38 

39 

40 

41 

44 

Inland 

II 

tl 

It 

II 

II 

tl 

Rivers 

Evansville 

Nashville 

Memphis 

Helena 

Minn-  St. Paul 
St.  Clair 

12 

14 

15 

16 

19 

25 

Open  Rivers 

II 

It 

II 

tl 

II 

II 

York  R. 
Wilminton 
Savannah 
Jacksonville 

N.  Orleans 
Suisan 

1 

9 

13 

23 

Harbors 

II 

It 

II 

Portland,  ME 

Baltimore 

Norfolk 

LA/LB 

2 

8 

18 

26 

29 

Bays 

II 

II 

It 

II 

Penobscot 

Delaware 

Tampa 

Benfccia 

San  Francisco 

17 

42 

43 

Canals 

II 

II 

PortEverglades  21 
Chicago  24 

Indiana  27 

28 

32 

Channels 

II 

It 

II 

II 

Houston 

Santa  Barbara 
Carquine^ 
Richmond 
Rosario 

20 

22 

IWW 

II 

Morgan  City 

Corpus  Christi 

16 


OIL  SPILL  DISTRIBUTION 


Oil  spill  history  is  reflected  in  Figures  1,2, 3, 4  and  Tables  C  and  D, 
This  data  shows  the  averages  of  spills  by  geographic  area,  region,  source 
and  district.  An  examination  of  the  spill  data  allowed  for  a  ranking 
of  districts  in  respect  to  percent  of  total  spills  and  percent  of 
total  volume.  Figure  4  shows  the  rank  order,  placing  District  8  as 
first  with  46.6%  of  all  spills  and  District  3  as  second  with  12.2%. 

Table  C  indicates  that  nearly  52%  of  all  spills  reported  during  1971- 
1972  were  of  less  than  100  gallons  in  volume,  whereas  only  0.2%  were 
reported  in  the  over  100,000  gallon  size  category.  Spill  quantities  by 
size,  number  of  incidents  and  source  are  reflected  in  Table  D.  This 
data  shows  tank  ships  and  tank  barges  to  be  the  greatest  sources  of 
pollution  in  terms  of  total  volume  spilled. 

Quantities  of  pollutant  oil  are  greatest  in  the  area  of  the 
Atlantic  Coast  where  44.8  percent  of  the  total  volume  is  spilled.  The 
Gulf  Coast  area  accounts  for  15  percent  of  the  total  and  next  highest 
is  the  Great  Lakes  where  14.7  percent  has  been  reported.  The  Inland 
area  is  responsible  for  14  percent  and  the  Pacific  Coast  accounts  for 
the  remaining  13  percent.  Figure  1  shows  this  data  in  graph  form. 

Refering  to  Figure  2,  where  "waters"  are  considered,  it  is  shown 
that  rivers  are  the  source  of  the  greatest  quantites  of  pollutant  oil 
at  39.9  percent  of  the  total  volume.  The  second  category  of  greatest 
concern  is  the  harbors  (ports,  docks,  terminals)  at  14.4  percent,  closely 
followed  by  bays,  estuaries  and  sounds  with  13  percent  of  the  total  volume. 
The  contiguo' s  zone  of  open  waters  including  the  Great  Lakes  accounts  for 
10  percent  of  quantites  spilled  and  channels,  coastal  inlets  and  inland 
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waterways  account  for  8.9  percent.  The  remainder  occurs  on  beaches  or 
non-navagable  waters. 

Onshore  oil  facilities  produce  nearly  one-half  the  quantity  of 
pollutant  oil  (49.5%),  whereas  vessels  contribute  39.3  percent  of  the 
total  quantity.  In  Figure  3,  the  all  vessel  breakdown  of  quantities 
is:  tank  ships  at  16.3  percent,  tank  barges  at  16.8  percent  and  other 
vessels  at  a  quantity  of  6.3  percent. 

CONTRAST  OF  OIL  SPILL  FREQUENCY  AND  OIL  CONCENTRATION 

Table  B  indicates  the  contrast  of  oil  concentration  and  oil  spill 
frequency.  The  rank  order  derived  is  shown  by  district.  Coast  Guard 
District  Eight  has  over  4  times  as  many  spills  as  the  second  ranking 
district  which  is  shown  to  be  District  Three.  The  second  ranking  district 
has  almost  twice  as  many  spills  as  District  11,  the  3rd  ranked  district. 
The  remaining  rankings  were  determined  on  much  narrower  differences. 
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?igure  5  graphically  illustrates  the  high  risk  areas 
by  oil  concentration,  and  by  geographical  location.  Table  A  provides 
the  map  references,  locations,  districts  .:nd  other  study  information 
related  to  the  map. 

ENVIRONMENTAL  PARAMETERS 

The  results  of  the  environmental  study  may  be  found  in  Tables 
E  through  R,  and  Figures  6  and  7.  For  the  purposes  of  this  study  the 
area  and  waters  high-low  and  average  (av) ,  high-low  and  extremes  (ex) 
are  given.  The  locations  of  the  selected  waters  within  geographic 
areas  may  be  found  in  Table  E3. 


CURRENTS  (Knots)  (Tables  E.  E2,  E3,  F,  I,  L) 


Locations 

HI 

LO 

AvHI 

AvLO 

ExHI 

ExLO 

Areas 

5.8 

0.2 

3.2 

0.6 

12 

0. 

Waters 

4.7 

0.2 

2.7 

0.4 

12 

0. 

The  currents  results  indicate  that  the  design  criteria  would  be 
between  5.8  and  4.7  knots  if  averages  of  the  high  figures  of  areas 
and  waters  are  considered,  and  between  3.2  and  2.7  knots  if  averages 
all  high  figures  of  the  areas  and  waters  are  considered. 


TIDES  (Feet)  (Tables  '  ,  E2,  E3,  F,  I,  L) 


Location 

HI 

L0 

AvHI 

AvLO 

ExHI 

ExLO 

Areas 

9.5 

-1.8 

4.5 

1.1 

15.3 

-2.9 

Waters 

7.2 

-1.3 

4.9 

0.6 

15.3 

-2.9 

The  tides  results 

show  that 

the  system  must  be  able  to 

withstand 

effects  as 

extreme  as  15.3 

feet,  as 

average  high 

as  from  9.5  to 

7.2  feet  and  an  average  of  all  high  figures  between  4.9  to  4.5  feet. 
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TEMPERATURES  (Sea  F°)  (Tables  E,  E2.  E3,  G,  J,  M) 


Location 

HI 

LO 

AvHI 

AvLO 

ExHI 

ExLO 

Areas 

86 

33 

81 

39 

93 

27 

Waters 

91 

39 

81 

38 

93 

27 

Water  temperatures 

show 

that  the 

system  should  be 

capable 

operation  in  temperatures  as  high  as  93°  as  well  as  those  sub  freez¬ 
ing;  as  high  or  average  as  86°-91°. 

TEMPERATURES  (Air  F°)  (Tables  E,  E2 ,  E3,  G,  J,  M) 

Air  temperatures  to  be  considered  in  the  design  of  the  system 

o  o 

range  from  an  extreme  high  of  114  to  a  low  of  -39  .  The  maximum 
average  for  areas  and  waters  was  67°-68°,  the  minimum  average  was 
49°-50°  and  the  record  average  mean  temperature  was  58°-59°. 

WAVES  (Feet)  (Tables  E,  £2.  E  3.  H,  K,  N) 

The  waves  data  is  reliable.  It  was  derived 

from  60  mile  area  quadrants,  contiguous  to  the  continental  shores 
of  the  U.  S.  The  results  show  that  the  designer  of  the  system  can 
assume  that  in  areas  and  waters  studied  that  the  mean  height  of  the 
waves  may  be  3.1  feet.  Waves  will  be  3-4  feet,  or  less,  61  percent 
of  the  time  and  5-6  feet,  or  less,  79  to  80  percent  of  the  time. 


WINDS  (Knots)  (Tables  E.  E2 ,  E3,  H,  K,  N) 


Location 

HI 

LO 

Annual 

Mean 

ExHI 

Av 

%  of  Speed 

Areas 

78 

43 

7.8 

104 

52 

at  7-16 

Waters 

73 

42 

8.5 

104 

41 

at  7-16 

Wind  data  was  derived  from  figures  based  on  the  fastest  mph 
recorded  and  converted  to  knots.  If  extreme  winds  are  considered 
the  system  must  be  able  to  survive  in  winds  as  high  as  104  knots. 
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1 


Otherwise  the  fastest  average  high  for  areas  and  waters  was  78-73  knots 
and  the  fastest  average  lower  limits  of  wind  were  43-42  knots.  Within 
the  areas,  the  annual  mean  wind  was  7.8  knots  and  within  the  waters;, 

8.5  knots.  The  designer  can  assume  that  51  to  52  percent  of  the  time 
the  wind  will  have  a  force  of  from  7-16  knots. 
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CONCLUSIONS 


On  the  basis  of  the  risk  areas  investigated  in  this  study,  the 
following  fast  current  oil  control  system  design  requirements  can  be 
specif ied : 

1.  The  system  should  be  capable  of  effective  operation  on  rivers,  bays, 
harbors,  channels,  canals,  and  intracoastal  waterways. 

2.  The  system  should  perform  effectively  in  current  velocities  ranging 
from  1  to  at  least  6  knots. 

3.  The  system  should  be  capable  of  operating  effectively  through  a 

complete  reversal  of  tidal  current  with  a  maximum  value  of  from  1  to  S 
knots  in  either  direction.  > 

4.  The  system  should  perform  effectively  in  sea  states  ranging  from 
those  with  no  waves  and  extreme  surface  turbulence,  as  found  on  fast 
moving  rivers,,  to  a  sea  state  5,  as  found  on  bays. 

5.  The  system  should  perform  effectively  in  winds  of  up  to  20  knots. 

6.  The  system  should  perform  effectively  in  air  temperatures  ranging 
from  -39°F  to  +114°F,  and  in  sea  temperatures  ranging  from  +33°F  to 


LIMITS  OF  THE  STUDY  AND  FUTURE  WORK 


This  study  has  so  far  focused  on  oil  pollution  risk  areas  selected 
on  the  basis  of  1970-72  data.  It  has  not  attempted  to  analyze  future 
energy  demands,  refinery  or  port  growth  and  expansions.  Such  long-run 
changes  will  alter  the  pollution  risk  areas  considerably,  and  in  view  of 
the  normal  8  to  10  year  R&D  cycle,  must  be  considered  now. 

At  the  present  ti.ne,  the  major  refinery  locations  in  the  continental 
U.  s.  are: 

1 .  East  Coast: 

a.  Arthur  Kill  (N.Y.) 

b .  Delaware  River 

2.  Gulf  Coast: 

a.  Houston-Baytpwn 

b.  Beaumont-Port  Arthur 

c.  New  Orleans 

d .  Baton  Rouge 

e.  Corpus  Christi 

f.  Lake  Charles 

g.  Pascagoula 

3.  West  Coast: 

a.  Los  Angeles-Long  Beach 

b .  Richmond“Avon 

It  is  expected  that  increases  in  refinery  capacity  throughout  the 
U.S.  through  the  year  2000  will  occur  primarily  through  expansion  of 
existing  refining  complexes,  rathe-  than  by  construction  of  new  refineries. 

A  Battelle  study  cites  the  problems  Shell  Oil  has  had  in  finding  a  site 
for  a  new  refinery  anywhere  in  the  Middle  Atlantic  area  as  symptomatic  of 
the  environmental  problems  all  along  the  East  Coast.  The  Army  Corps  of 
Engineers  predicts  that  Gulf  Coast  refining  capacity  will  increase  by 
300  percent  by  the  year  2000,  chiefly  through  expansion  of  present  complexes. 
The  Corps  of  Engineers  estimates  a  400  percent  increase  in  Pacific  Coast 
capacity  by  2000,  again  through  expansion. 
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In  order  to  supply  these  Increased  refinery  demands,  either  U.S. 
crude  oil  production  must  be  increased  or  foreign  crude  oil  imports 
will  have  to  be  markedly  stepped  up.  The  scope  of  this  report  does  not 
cover  an  analysis  of  the  potential  sources  of  this  crude  oil.  The  assump¬ 
tion  is  made  that  through  the  year  2000  substantial  crude  oil  will  be 
imported  to  the  continental  United  States  and  that  in  order  to  keep 
transportation  costs  to  a  minimum,  this  crude  will  be  brought  into  the 
U.  S.  in  very  large  crude  carriers  (VLCC's). 

Several  studies  have  been  conducted  that  investigate  the  feasibility 
of  various  deepwater  port  alternatives.  The  Nathan  study  lists  the 
deepwater  port  possibilities,  and  the  rationale  for  each.  According  . n 
Nathan,  the  following  area  seem  the  most  promising: 

1 .  New  York  Area 

a.  Romer  Shoal  (off  Sandy  Hook) 

b.  Long  Branch  (N.  J.) 

2.  Delaware  Bay 

a.  Big  Stone  Beach 

b.  area  ten  miles  off  Delaware  Capes 

3.  Mobile-Pascagoula  Area 

4 .  Mississippi  River  Delta  (Garden  Island  Bay) 

5.  Freeport  (Texas) 

6 .  Los  Angeles-Long  Beach  Area 

7 .  San  Francisco  Bay 

8.  Ferndale-Bellingham  (Wash) 

For  each  of  these  locations,  offshore  artificial  islands,  single 


point  mooring  systems,  and  dredged  channels  are  considered. 


The  areas  described  above  represent  likely  future  high  oil  apill 
risk  areas.  A  subsequent  independent  Coast  Guard  study  will  Investigate 
these  future  risk  areas  and  determine  the  key  environmental  parameters 
associated  with  them.  The  present  study  and  the  follow-on  will  then 
be  correlated.  Final  design  goals  for  the  fast  current  oil  control 
system  will  then  be  established. 
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TABLE  A 


SELECTED  SAMPLE  OF  GEOGRAPHIC  AREAS  OF  HI-RISK  OIL  POLLUTION 

Sources:  U.  S.  Army  Corps  of  Engineers,  Waterborne  Commerce  of  the 
United  States  (1970-71) 

U.  S.  Army  Corps  of  Engineers,  Port  Series 

American  Petroleum  Institute,  Information  on  Offshore  and 
Inland  Facilities  and  Pipeline  Crossings  (1972) 

U.  S.  Coast  Guard,  Polluting  Incidents  In  and  Around  U.  S. 
Waters  (1970-71-72) 
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SELECTED  SAMPLE  OF  GEOGRAPHIC  AREAS  OF  HI-RISK  OIL  POLLUTION 
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Table  B 

RANK  ORDER  OF  PETROLEUM  CONCENTRATION  AREAS  BY  VOLUME,  DISTRICT 
AND  SPILL  INCIDENT  (%  totals  1971-72) 

Sources:  U.S.  Army  Corps  of  Ermine  era.  Waterborne  Commerce  of 
the  United  States  (1970-71) 

U.S.  Army  Corps  of  Engineers,  Port  Series 

American  Petroleum  Institute,  Information  on  Offshore 
and  Inland  Facilities  and  Pipeline  Crossings  (1972  j 

U.S.  Coast  Guard,  Polluting  Incidents  In  and  Around 
U.S.  Waters  (1970-71-7&) 


32 


Table  B  Total  Areas  =  131 

RANK  ORDER  OF  PETROLEUM  CONCENTPATION  AREAS  BY  VOLUME,  DISTRICT  Total  Districts  =*  16 
AND  SPILL  INCIDENT  (%  totals  1971-72)  Total  Z  Spills  =  100 


e  *-i 


uurtitcuhS 

jnoumaoa 


Sz  JH 

30  *2  M  3 

<  ^  S  a  ee  5?  ' 

U  II  u  j  it  • 

•H  4)  3  O  J 

►j  o  o  a  ~i  h  m 

L.  ah  oj  • 

•  w  •  >  Q  U  A 

41  H  £  55  *  -O 

°  S  8  ■  k*  S  S  w 

•  »  01  V  *  * 

1/1  OH  3  g)  h  w  «  i 

m  3  o  m  3  h  Q 


••  -  n  «  W  W  _  ’ — '  u  'W  tu  'V  ^  -n  u 

‘3<9:J^i|Fe?gH«ac  •  n  .*  5  i-  73  a  *h 
n44!;usii!z«h04<i>.u4.ouuK«iou 


<0  H  O' 
ti  0  N 
H 

*4  ifl  it 

•  CM  4) 

OO^ 


*2  as 

4)  13  -  < 

3  AJ  IS 
cr  (3  B  OJ 

IB  M  9 

H  (3  O  (u 

o,  so  33  H 


H  W  5 

(J  Q  • 


:  S2; 

:s  ** 


SUCK  *  «  J< 
W  O  U  41  SO  O 


25  >>  55  Sm 

•  »  J<  *  Z 
41  CO  U  C  * 

•  o  u  -a  toe 

CaOOCHfljtnp?, 

t  t  e  )  n  u  c  Eh 

u  eon  5  c  h  4i  «  Ji 

,i3Bue»i>0 
hH^H34)BO  •  O 
(3UH0ui<3Hh 
atoazo'lStO 


to 

to  X  X 
H  H  H 


(3  H 
H  B  H 
H  <N 
^0  O 
•  to  (3 
H  |  41 

o  in  M 

>K< 


>*-l  iH  y-> 

t3  B  u"> 
In  H 
HO'-' 
-3  O 
•  H  13 
H  |  4) 

O  O  U 

>  lO  < 

A 


<3  a  h 
►J  H  O  H 
5  3  -H 
«  O  w  5> 
41  00  (3  tfl 
H  13  (0  C 

H  O  d  5 
A  w  it  o 

O  t  M  ll 

Sfc<n 


u  c  <u  n 

4)  O  >  41 
>  H3  H  OH 
•H  C  Ed  H 
«  O  41 


13  41  O  0. 
Oh  Z  U  5 

*-)  a. 
z  - 

-  tfl 

H  H  3 
U  01  O 
>  M 
-  H  13 
c  fc  oi  x 

41  Z  I 
>  -UH 
<3  5sH  43 
33  C  t3  u 
13  tfl  tfl 

3.0  tfl  4) 

HOP 

z  <J  ct  o 


00H  > 
H  U.  C 
4)  -  O 

>  tS  tfl 

w  a.  J2 

•  B  O 

fcl  IB  13 
Oh  H  H 


A 

.  ‘  -0 
ItH  /-> 

13  • 

Vl  H  H 
H  H  '-h 

*0  S  „ 

•  13 

H  O  4) 
O  O  U 
>  H  < 

A 


><  u 

■  H  tfl 

-  >4  *H 

IKHX  H 
3  'HP 

A  «  -O 

a  a  a 


3  3  & 


a  a>  o  o 

mu  i  u 


(H  *-5  H  <S 

o  z  •«  a. 

>  *K 
■HO 

*  C  H  • 
3  3  13 
*j  o  j:  h 

tfl  ►>  W  H 
13  (3  U  A 
U  00  <  Pl, 


4J 

tN 

0 

r** 

vX 

H  W 

• 

• 

00 

m 

00 

H 

n* 

r*4 

•  • 

• 

• 

H  N 

H 

\o  m 

in 

O  H  N 

aot 
x  to  H 


33 


ro  <j- 


Table  B  con't 

%of  Total  Vol.&Traf.  Vol.&Traf.  Vol.&Traf.  Vol.&Traf.  Vol.&Traf. 

Sank  Spills  1971-  >100  mil.  bbls  750-100  mil.bbls  >25-50  mil.bbls  >10-25  mil.bbls  >3-10  mil.bbls 

Order  District  1972 _  Area  (14)  Area  (15) _  Area  (21) _  Area  (29) _  Area  (52) 
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Table  C 

QUANTITIES  OF  OIL  PER  SPILL  1971-1972 

Source:  U.S.  Coast  Guard,  Polluting  Incidents  In  and  Around 
U.S.  Waters 
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TABLE  C 


QUANTITIES  OF  OIL  PER  SPILL 
1971-1972 


Size 

Number 

7. 

Volume 

X  of 

Gal  Per 

Year 

Gallons 

Incidents 

Total 

Gallons 

Total 

Spill 

71 

2,867 

32.9 

- 

72 

Unknown 

2,791 

28.2 

- 

- 

Totals 

5,658 

>0.5 

71 

4,272 

49.1 

94,322 

1.1 

22  + 

72 

1-99 

5,412 

54.7 

107,729 

0.6 

19  + 

Totals 

9,684 

51.9 

202,051 

.85 

20  + 

71 

72 

100-999 

1,203 

13.8 

336,640 

3.8 

279  + 

1 , 309 

13.2 

356,474 

1.9 

27°  + 

Totals 

2,512 

13.5 

693,114 

2.85 

275  + 

71 

72 

IK-9,999 

285 

3.3 

830,595 

9.4 

2914  + 

299 

3.0 

866,645 

4.6 

2898  + 

Totals 

584 

3.2 

1,697,240 

7.0 

2906  + 

71 

72 

10K-99 ,999 

65 

0.7 

1,604,580 

18.1 

24,685+ 

63 

0.7 

2,086,684 

11.1 

33,121+ 

Totals 

128 

0.7 

3,691,264 

14.6 

28,838+ 

71 

17 

0.2 

5,973,386 

67.6 

351,375+ 

72 

100K  + 

19 

0.2 

15,388,200 

81.8 

809,905+ 

Totals 

36 

0.2 

21,361,586 

74.7 

593,377+ 

Average  Quantity/Spill  *  125,083  +  gallons 
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Table  D 

SPILL  QUANTITIES  BY  SIZE  AND  SOURCE  (Marine  Oriented  Only) 

1971  and  1972 

Source:  U.S.  Coast  Guard*  Polluting  Incidents  in  and  Around 
U.S.  Watera  (19?l-?2) 
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TABLE  D 


SPILL  QUANTITIES  BY  SIZE  &  SOURCE 
(Marine  Oriented  Only) 


Source 

No.  of 
Incidents 

1971  &  1972 

Volume 

Gallons 

Gal  Per 
Spill 

Vessels 

Tankships 

71 

386 

1,665,264 

4314  + 

72 

453 

2,583,952 

5704  + 

Total 

839 

4,249,216 

5064  + 

Tankbarges 

71 

828 

1,197,819 

1446  + 

72 

830 

3,739,144 

4504  + 

Total 

1658 

4,936,963 

2977  + 

Combatant 

71 

261 

440,849 

1689  + 

72 

294 

40,923 

139  + 

Total 

555 

481,772 

868  + 

Waterfront 

Transport 

Facilities 

71 

382 

613,970 

1607  + 

72 

478 

943,264 

1973  + 

Total 

860 

1,557,234 

1810  + 

Offshore 

Facilities 

71 

2595 

662,203 

255  + 

72 

2317 

237,063 

102  + 

Total 

4912 

899,266 

183  + 

Average  Quantity  per  Spill  *  2180  gals. 
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Table  E 

ENVIRONMENTAL  CRITERIA  RESULTS  (Averages) 

Sources  i  U.S.  Navy,  Summary  of  Synoptic  Meteorlogical  Observations 

0970)  - -  - - 

U.S.  Department  of  Conmerce,  Tidal  Current  Tables  (1973) 

U.S.  Department  of  Commerce,  Tide  Tables  (1973) 

U.S.  Department  of  Commerce,  Marine  Weather  Service  Charts 

0973)  —  — 

U.S.  Department  of  Commerce,  Local  Climatological  Data 

0972)  - 


39 


TABLE  I 


ENVIRONMENTAL  CRITERIA  RESULTS  (Averages) 
GEOGRAPHIC  AREAS 


CURRENT  (Knots) _  _ TIDE  (Feet) 


AREA 

HI 

LO 

Av. 

HI 

Av. 

LO 

Av. 

Mean 

Flood 

Av. 

Mean 

Ebb 

HI 

LO 

Av. 

HI 

Av. 

L0 

Av. 

Mean 

Av. 

Range 

Atlantic 

4.7 

0.2 

1.9 

0.6 

1.1 

1.4 

15.3 

-1.7 

5.7 

-0.6 

2.6 

6.6 

Gulf 

3.5 

0.2 

2.9 

0.2 

1.1 

1.3 

3.5 

-0.9 

2.3 

-0.9 

0.8 

3.1 

Pacific 

5.6 

0.2 

3.0 

0.5 

1.5 

2.1 

9.6 

-2.9 

5.5 

-1.7 

3.2 

7.9 

Inland 

L2.0 

0.0 

6.2 

0.8 

1.6 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

G. Lakes 

3.2 

0.0 

2.0 

0.8 

0.9 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Areas  Av 

5.8 

0.2 

3.2 

0.6 

1.2 

1.6 

9.5 

-1.8 

4.5 

1.1 

2.2 

5.9 

TEMP  (Sea  F°)  _ TEMP  (Air  F°) 


Av  Av 

Av. 

Record  (Av.) 

Extreme  Av. 

Av 

AREA 

HI  LO 

HI  L0 

Mean 

Max 

Min 

Mean 

HI 

LO 

HI 

LO 

Atlantic 

93  27 

87  33 

62 

65 

47 

57 

107 

-39 

102 

-04 

Gulf 

92  41 

90  49 

72 

79 

60 

70 

102 

10 

100 

18 

Pacific 

76  35 

72  42 

56 

67 

48 

57 

114 

-16 

107 

15 

Inland 

87  30 

85  37 

54 

66 

47 

56 

109 

-20 

102 

-13 

G. Lakes 

80  32 

73  32 

49 

57 

41 

49 

101 

-14 

100 

-15 

Areas Av. 

86  33 

81  39 

59 

67 

49 

58 

107 

-20 

102 

.05 

WAVES 

(feet) 

WIND 

(Knots) 

Mean 

Fastest  Mile 

Average  of 

AREA  Av.%  &  Ht 

Av.%  & 

Ht 

Ht. 

HI 

L0  Av. 

Mean 

%  of 

Speed 

Atlantic 

67  <  3-4 

83  <  5- 

-6 

3.3 

77 

52  64 

8.4 

53 

7-16 

Gulf 

69  <  3-4 

87  <  5- 

-6 

3.0 

104 

40  62 

7.7 

58 

7-16 

Pacific 

48  <3-4 

67  <  5- 

■6 

2.9 

77 

38  48 

6.3 

45 

7-16 

Inland 

N/A 

N/A 

80 

41  54 

7.4 

N/A 

G. Lakes 

N/A 

N/A 

52 

45  50 

9.0 

N/A 

Areas Av. 

41  <  3-4 

79  <  5- 

-6 

3.1 

78 

43  56 

7.8 

52 

7-16 

40 


TABLE  EE 


ENVIRONMENTAL  CRITERIA  RESULTS  (Averages) 
WATERS 


CURRENT  (Knots) _ _ TIDE  (feet) 


Av 

Av 

Av  AV  1 

Mean 

Mean 

Av 

Av  Av 

Av 

WATERS 

HI 

LO 

HI  LO 

Flood 

Ebb 

HI 

LO  HI 

LO  Mean 

Range 

Inland 

Rlvera£.2)12.'0 

0.0 

5.6  0.6 

N/A 

N/A 

N/A 

N/A  N/A 

N/A  N/A 

N/A 

Open 

River  (12)4.7 

0.1 

2.2  0.6 

1.2 

1.5 

9.2 

0.4  4.9 

-0.4  2.0 

5.0 

Canals  (3)2«0 

0.0 

1.6  0.3 

0.7 

0.5 

2.8  - 

■0.9  0.9 

0.4  0.4 

;1?2 

Channel /3)4.2 

0.2 

2.9  0.3 

1.1 

1.4 

9.6  - 

•2.9  7.6 

642  2.8 

8.7 

Inland 

W  Way  (1) 

2.1 

0.2 

2.1  0.2 

0.9 

1.2 

2.1  - 

■0.8  2.1 

-0.8  0.8 

2.9 

Harbor(4) 

2.6 

0.2 

1.8  0.3 

0.9 

1.0 

11.2  - 

■1.8  5.9 

1.2  3.2 

7.0 

Bays  (5) 

5.6 

0.2 

2.6  0.5 

1.5 

1.4 

15.3  - 

1.7  8.1 

1.2  6.2 

9.3 

RegionAv, 

4.7 

0.2 

2.7  0.4 

1.0 

1.1 

7.2  - 

1.3  4.9 

0.6  2.6 

5.7 

TEMP  (Sea  F°) 

temp 

1  (Air  F°) 

Av  Av  Av 

Record  (Av) 

Extreme  Av 

Av 

WATERS 

HI 

LO 

HI  LO  Mean 

Max 

Min 

Mean 

HI  L0  HI 

LO 

I-Rivers 

88 

30 

75  34  49 

64 

46 

55 

113  -34  103 

-16 

0- Rivers 

93 

27 

86  35  63 

67 

48 

60 

114  -28  103 

02 

Canals 

92 

70 

71  42  59 

66 

50 

58 

101  -16  99 

01 

Channels 

92 

35 

76  43  60 

68 

50 

59 

110  -07  102 

24 

IWW 

90 

57 

N/A  N/A  77 

78 

64 

71 

101  25  N/A 

N/A 

Harbors 

93 

27 

83  34  57 

65 

45 

55 

111  -39  104 

-03 

Bays 

92 

27 

82  39  60 

67 

48 

58 

114  -39  85 

06 

RegionAv. 

91 

39 

81  38  61 

68 

50 

59 

109  -36  99 

07 

WAVES  (Feet) 

WIND 

(Knots) 

Mean 

Fastest  Mile 

Annual 

Average  of 

WATERS 

Av  %  &  Ht 

Av  %  &  Ht 

Ht 

HI 

L0 

Av. 

Mean 

%  of  Speed 

I-Rivers 

N/A 

N/A 

N/A 

80 

41 

55 

7.2 

N/A 

0-Rive rs 

56  <  3-4 

80  <  5-6 

3.2 

77 

40 

61 

8.4 

53  at  7-16 

Canals 

N/A 

N/A 

N/A 

64 

52 

56 

8.7 

N/A 

Channels 

53  <  3-4 

71 <  5-6 

3.2 

52 

40 

46 

6.4 

47  at  7-16 

IWW 

67  ^  3-4 

86  <  5-6 

3.0 

104 

N/A 

N/A  10.3 

58  at  7-16 

Harbors 

68  <  3-4 

83  <  5-6 

3.3 

70 

38 

61 

7.8 

50  at  7-16 

Bays 

62  <  3-4 

78  <  5-6 

3.0 

66 

40 

54 

7.5 

49  at  7-16 

RegionAv 

61  <  3-4 

80  <  5-6 

3.1 

73 

42 

56 

8.5 

51  at  7-16 
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ENVIRONMENTAL  CRITERIA  RESULTS  (Averages) 
GEOGRAPHICAL  AREAS  AND  WATERS 
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Table  F 

ENVIRONMENTAL  CRITERIA  -  ATLANTIC  (Current  and  Tide) 

Sourcea:  U.S.  Department  of  Commerce,  Tidal  Current  Tablea  (1973) 

U.S.  Department  of  Commerce,  Tide  Tablea  (1973) 

U.S.  Department  of  Conmerce,  Marine  Weather  Sendee  Charte 

(1973) 
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ENVIRONMENTAL  CRITERIA  ATLANTIC 


r 


SP 

O' 

O 

00 

00 

ro 

o\ 

o 

H 

rH 

sD 

o 

rH 

o 

CM 

rH 

q 

1  • 

• 

* 

• 

>  • 

• 

• 

• 

• 

• 

• 

• 

t 

• 

• 

• 

• 

« 

CN 

'O 

m 

r- 

ro 

ON 

00 

CM 

in 

sr 

m 

o 

CO 

CO 

H 

H 

H 

/-s 

4J 

0) 

G 

0) 

s 

LO 

m 

CO 

n 

CM 

o 

■0 

H 

«$■ 

© 

CM 

o 

\D 

00 

CM 

4-1 

(B 

• 

• 

« 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

V-/ 

X 

v£> 

CM 

*h 

CM 

CM 

ro  v* 

rH 

*H 

*H 

H 

CM 

CM 

ro 

o 

rH 

<D 

TJ 

m 

ro 

OJ 

oo 

v£> 

in 

r-x 

ON 

r^. 

oo 

CM 

O' 

•H 

o 

i 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

H 

-j 

1  V 

H 

1 

i 

H 

1 

rH 

i 

o 

1 

o 

o 

1 

o 

1 

o 

o  o  o 

o 

1 

rH 

1 

o 

1 

o 

1 

CM 

co 

ro 

m 

H 

rH 

m 

© 

o 

»H 

ro 

<r 

CM 

vO 

oo 

W 

1 

• 

• 

• 

• 

• 

• 

• 

t 

• 

• 

• 

• 

• 

9 

• 

• 

s 

!  rH 

m 

vO 

<* 

\0 

ro 

oo 

CM 

ro 

ro 

ro  <t 

o> 

CM 

CM 

S 


rH 

vO 

00 

H 

in 

CM 

00 

V0 

ON 

Ov 

Ov 

vO 

o 

m 

CM 

rH 

o 

o 

rH 

ro 

o 

rH 

*H 

o 

© 

rH 

CM 

*H 

CM 

rH 

rH 

o 

ro 

ro 

On 

Os 

rH 

cr* 

r^. 

o 

00 

CM 

CO 

vO 

vO 

CO 

rH 

o 

o 

0. 

CM 

0 

o 

rH 

0 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

<r 

CM 

CM 

m 

m 

CM 

o 

o 

CM 

CM 

CM 

rO 

m 

VO 

(Js 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

> 

• 

• 

• 

• 

o 

o 

o 

o 

CM 

o 

<H 

rH  o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

m 

in 

CO 

in  iH 

0 

n  o 

v£> 

<r 

vO 

o 

CO 

CO  o 

CM 

o 

o 

rH 

O’ 

o 

*H 

CM 

rH 

CM 

rH 

CM 

CM 

ro 

CO 

CM 

CM 

u 

cn 

•H 

Q 


HHfonnnnnmiriinin^iris 


<D 


U 

id 

u 

CO| 

ME 

ME 

NY 

NY 

NY 

CT 

PA 

PA 

MD 

DC 

VA 

VA 

VA 

NC 

GA 

FL 

c 

16 

0) 

to 

io 

»H 

V 

rH 

£. 

C 

c 

rH 

T3 

U 

c 

OS 

a  u 

O 

o 

« 

C 

TJ 

O 

CQ 

0 

a> 

rH  w 

u 

T3 

a> 

u 

A 

> 

fH 

o 

e 

u 

60 

1 

T3 

H 

<u  o 

60 

C 

> 

60 

cO 

C 

60 

•H 

c0 

« 

>>  H 

OS 

c 

CO 

Tj  a 

G 

Q 

H 

•H 

C 

C 

o 

M 

U 

»H 

S  3 

0 

* 

tfl  -H 

•H 

S 

U 

o 

•H 

g 

CO 

<U 

CO 

4J 

O 

16  J3 

■u 

►J 

tO 

H  4J 

JS 

^2 

* 

IU 

1 

cO 

A 

> 

O 

U 

c 

JO  » 

(0 

rH 

•H  rH 

in 

O 

U 

M 

> 

o 

U 

O 

O 

0) 

cd 

<v 

a) 

£  tfl 

tfl 

H 

0 

O 

•H 

CO 

CO 

u 

cJ 

Oi 

a. 

u 

z 

a 

h  CQ 

3 

Z 

a 

*n 

CM 

O.  4H 

aa 


HNMstifliorvooO'Oi-icMrO'jirior' 


60  « 
O  <U 
V  Ij 
CJ  < 


tJ 


J  J  J  J  J  JJ  JJJ  J  J  J  J  J  J„ 
HHHHHHHHHHHHHHt-'f-ie 


44 


Table  0 

ENVIRONMENTAL  CRITERIA  -  ATLANTIC  (Sea  and  Air  Temperature) 

Sources:  U.S.  Nary,  S unwary  of  Synoptic  Meteorlogical  Observations 
(1970) 

U.S.  Departnent  of  Conwerce,  Local  Climatological  Data 
(1972) 
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ENVIRONMENTAL  CRITERIA  -  ATLANTIC 
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Table  H 


ENVIRONMENTAL  CRITERIA  -  ATLANTIC  (Waves  and  Wind) 

Source:  U.S.  Navy,  Summary  of  Synoptic  Meteorlogical  Observations 
(1970) 
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ENVIRONMENTAL  CRITERIA-  ATLANTIC 
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Table  I 

ENVIRONMENTAL  CRITERIA  -  GULF  AND  PACIFIC  (Current  and  Tide) 

Sources:  U.  S.  Department  of  Commerce,  Tidal  Current  Tables  (1973) 
U.  S.  Department  of  Commerce,  Tide  Tables  (1973) 

U.  S.  Department  of  Commerce,  Marine  Weather  Service 
Charts  (1973) 
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Table  J 

ENVIRONMENTAL  CRITERIA  -  GULF  and  PACIFIC 

(Sea  and  Air  Temperature) 

Sources:  U.  S.  Navy,  Summary  of  Synoptic  Meteorloglcal 
Observations  (1970) 

U.  S.  Department  of  Commerce,  Local  Climatological 
Data  (1972) 
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TABLE  J 

ENVIRONMENTAL  CRITERIA-GULF&PACIFIC 
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Table  K 


ENVIRONMENTAL  CRITERIA  -  GULF  and  PACIFIC 

(Waves  and  Wind) 

Source:  U.S.  Navy,  Summary  of  Synoptic 

Meteorloglcal  Observations  (1970) 
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Table  L 


ENVIRONMENTAL  CRITERIA  -  INLAND  and  GREAT  LAKES 

(Current  and  Tide) 

Sources:  U.  S.  Department  of  Commerce,  Tidal  Current 

Tables  (1973) 

U.  S.  Department  of  Commerce,  Tide  Tables (1973) 

U.  S.  Department  of  Commerce,  Marine  Weather 

Service  Charts 
(1973) 
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Table  M 

ENVIRONMENTAL  CRITERIA  -  INLAND  and  GREAT  LAKES 

(Sea  and  Air  Temperature) 

Sources:  U.S.  Navy,  Summary  of  Synoptic  Meteorlogical 

Observations  (1970) 

U.S.  Department  of  Commerce,  Local  Climatological 

Data  (1972) 
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Table  N 

ENVIRONMENTAL  CRITERIA  -  INLAND  and  GREAT  LAKES 

(Waves  and  Wind) 

Source :  U .  S .  Navy ,  Summary  of  Synoptic  Meteorloglcal 

Observations  (1970) 
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Figure  1 

AVERAGES  OF  SPILL  HISTORY  1971  and  1972  (Oeograpkic  Areas) 

Source;  U.S.  Coast  Quard,  Polluting  Incidents  In  and  Around 
U.S.  Waters  (197^7?) 
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Fig./  Averages  of  Spill  Histort  1971 4 1972  - 
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Figure  2 

AVERAGES  OF  SPILL  HISTORY  1971  and  1972  (Waters  within  Areas) 

Source:  U.S.  Coast  Guard,  Polluting  Incidents  In  and  Around 
U.S.  Waters  ( 197&fZ) 
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Fig,  2  Averages  of  Spill  History  1971^  1972- 
%  of  Spills  $  Jo  of  Volume 

Average  ^  Spills  *  9335/^.  •,  Average  V6l.  (gALS  x  10  )-/3,62d/^r 


Figure  3 

AVERAGE  OF  SOURCES  OF  POLLUTING  SPILLS  1971-72 

Source:  U.S.  Coast  Guard,  Polluting  Incidents  In  and  Around 
U.S.  Waters  (1971^72} 
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Average  op  Souece.^  op  Polluting  Spills  1971-72 
%  of  Imcide.nt&  i%of-  Volume  (gals.*  10  j- 
Vol.=  16,805  Million  Gals. 

*  bREAklOoww  of  All  Vessels,  Column  4 


Fig.  5 


Figure  U 

AVERAGE  PERCENTAGE  OF  SPILLS  BY  DISTRICT  1971-1972  and  PERCENTAGE 
OF  TOTAL  OIL  VOLUME  OF  SPILLS  1972 

Source:  U.S.  Coast  Guard,  Polluting  Incidents  In  and  Around 
U.S.  Waters  (1971=751 
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Fig.  4  Average;  Percentage  of  Spills  &y  District 
1971-1972  i  Percentage  of  Total  Oil 
Volume  of  Spills  1972. 
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Figure  5 

PRINCIPAL  U.S.  OIL  SPILL  CONTROL  AREAS 

Sources:  U.S.  Amy  Corps  of  Engineers,  Waterborne  Commerce  of 
the  United  States  (1970-71) 

U.S.  Amy  Corps  of  Engineers,  Port  Series 

American  Petroleum  Institute,  Information  on  Offshore 
and  Inland  Facilities  and  Pipeline  Crossings  (1972  J 

U.S.  Coast  Ouard,  Polluting  Incidents  In  and  Around 
U.S.  Waters  (1970-71-W 
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6.  Lt  Ford,  MEP,  8th  District  -  New  Orleans  -  Phone  504-527-6296 

7.  GDI  Mason,  MEP,  9th  District  -  Cleveland  -  Phone  216-522-3918 

8.  CDR  Janacek,  MEP,  11th  District  -  Long  Beach  -  Phone  213-590-2216 

9.  CDR  Dickman,  MEP,  12th  Discrict  -  San  Francisco  -  Phone  415-556-0715 

10.  LCDR  Gordon,  MEP,  13th  District  -  Seattle  -  Phone  206-624-2902  x  343 

11.  CWO  Wert,  Atlantic  Strike  Team  -  CGAS  Eliz.  City,  N.C.  -  Phone  804-628-3268 

Bay  St.  Louis 

12.  LCDR  Park,  Gulf  Strike  Team  -  NASA.-  Miss.  -  Phone  601-688-2380 

Yerba  Buona  Island 

13.  LCDR  Weichert,  Pacific  Strike  Team  -San  Francisco  -  Phone  415-556-0729 


14. 

Mr. 

Ho  lmes  , 

Corps  of  Engineers  -  Portland  OR  Dist  -  Phone  503-777-4441 

15. 

Mr. 

Garrett , 

H  tl 

"  New 

Orleans  Dist  -  Phone  504-865-1121 

412/ 

16. 

Mr. 

Salesky , Corps  of  Engineers .Hydrology  Off.,  Pittsburgh,  Dist 

Ph.  644-6829 

17. 

Mr. 

Hayni , 

tl  II 

tl  It 

"  Huntington  Dist  Ph. 

304-529-2318 

18. 

Mr . 

Sander , 

II  II 

tl  tl 

"  Louisville  Dist  Ph. 

502-582-5640 

19. 

Mr. 

Pendergrass,  " 

tl  tt 

"  Memphis  Dist  Ph. 

901-534-3221 

20. 

Mr . 

Pera , 

II  II 

II  M 

"  St.  Paul  Dist  Ph. 

612-725-2501 

21. 

Mr. 

Tomando , 

tl  II 

tl  It 

"  Detroit  Dist  Ph. 

313-226-6440 

22. 

Mr. 

Lanham , 

It  II 

It  tf 

"  Walla  Walla  Dist  Ph 

590-525-5500 
x  339 

23. 

Mr. 

Connor , 

It  II 

II  It 

"  Nashville  Dist  Ph. 

615-749-5632 

24. 

Mr. 

Lipski , 

II  II 

It  tl 

"  Phila.  Dist  Ph. 

215-597-4810 
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25. 

Mr. 

26. 

Mr. 

27. 

Mr. 

28. 

Mr. 

29. 

Mr. 

30. 

Mr. 

31. 

Dr. 

32. 

Mr. 

33. 

Mr. 

Kolessar,  Corps  of  Engineers .Hydrology  Office.Chesepeake  Dist-Ph . 301-962- 

4600 

Orzehoski ,  "  "  "  "  "  Chicago  Dist.  Ph.312-353-6470 

Buchwald,  Nat'l  Climactic  Weather  Center,  Ashville,  N.  C.  -  Ph. -704-254- 

0683  or  427-7919 

Robinson,  Planning  Study  Group-Chesepeake  Dist.  Ph-  301-962-2512 

Johnson,  San  Francisco  Bay  Model,  Sauselito  Co.  Ph. -415-332-3870  must  dial 

8-415-556-9000 

Hosee,  Oregon  Dept,  of  Environmental  Quality  Phone  -  503-229-5983 
Saylor,  Great  Lakes  Survey  Research  Center  -  Phone  -  313-226-6408  or  6400 
Susag,  Metro  Water  Board  -  St.  Paul  -  Minn.  Phone  -  612-222-8423 
Bouslag,  National  Weather  -  St.  Paul  -  Minn.  Phone  -  612-725-3401 
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APPENDIX  II 


ENVIRONMENTAL  CRITERIA  WORKSHEET 
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Appendix  III  1972 


INCIDENTS  BY  SIZE 


SIZE  IN 

Number  of 

*  of 

Volume  in 

%  of 

GALLONS 

incidents 

total 

gallons 

to^al 

Unknown 

2,791 

28.2 

---- 

— 

1-99 

5,412 

54.7 

107,729 

0.6 

100-999 

1,309 

13.2 

356,474 

1.9 

1 ,000-9,999 

299 

3.0 

866,645 

.  4.6 

10,000-99,999 

•  63 

0.7 

2,086,684 

11.1 

100,000+ 

19 

0.2 

15,388,200 

81.8 

TOTAL 

9,893* 

ToO 

18,805,732 

100.0 

*  Number  of  Incidents  does  not  Include  38  reported  discharges  which  indicated 
quantity  of  material  discharged  in  pounds. 
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MUXCE  AKD  CAUSE 

Humber  of  lncldtnca 

Appendix  IV  1972 

*  * 

Volume  In  Cal  Iona 

f 

f 

K 

M 

m 

u 

M 

: 

•a 

««  6J 

* 

5 

2 

M 

B  O 

V 

| 

M 

C 

•4 

CW 

a 

• 

3 

u 

ft. 

9 

2  2 
w  9 

H  * 
u 

it  9 

62 

a. 

9 

• 

V 

i*>  * 

l 

w*  •  ■ 

u 

w4 

7  cL 

* 

r.  n 

© 

2.  <5 

u 

X 

*! 

O  *2 

• 

c 

•  i 

.  o 

o 

£ 

o 

H 

X 

tn 

X 

•J 

Sul'Rt'L 

Vessels 

Dry  Cargo  Z. 

5 

1 

10 

3 

1 

2 

3 

6 

7 

125 

705 

500 

821 

5 

0 

102 

1,262 

~44 

253 

Tankshlps  7 

9 

X 

1 

3 

13 

18 

17 

9 

5 

105,115 

rn.ioo 

0 

212 

2,877 

23,376 

1,001 

2,206 

130 

Tank  Baiges  45 

2) 

1 

2 

15 

81 

70 

35 

31 

19 

f,  294  ,‘7  32 

422,207 

0 

92 

1,690,269 

66,825 

121,661 

11,259 

3,361 

0,861 

Combatant  1 

20 

X 

X 

X 

3 

53 

2 

2,065 

2 

22 

4 

413 

7 

406 

8 

55 

Other  10 

6 

1 

f 

4'- 

68 

2 

6 

5 

4 

7 

1,116 

1,670 

37 

1,000 

7,930 

2,030 

299 

92 

375 

132 

l..ind  Vehicles  22 

X 

37 

1 

5 

7 

5 

1 

X 

2 

17,943 

91,613 

250 

15,030 

31,110 

3,250 

50 

20 

jHORF. 
h~AC  I L  IT  I  PS 

Refineries  X 

X 

X 

X 

1 

50 

1 

300 

X 

X 

6 

952 

12 

502 

Hulk  Storage  1 

1 

1 

1 

1 

7 

X 

17 

3 

20 

100 

20,000 

3,000 

0 

5 

42,505 

58,429 

193 

5,941 

Waterfront  6 

X 

X 

1 

2 

7 

2 

10 

45 

36 

Transportation  1,263 
Facilities 

0 

50 

446,615 

280 

267 

16,464 

29,575 

Non-Transport.  1 

X 

1 

5 

3 

7 

1 

13 

13 

50 

Facilities  20 

800 

7,275 

6,005 

25,350 

0 

2,781 

742 

8,192 

Other  Land  X 

Transportation 

Facilities 

X 

X 

X 

3 

167 

X 

X 

1 

0 

2 

55 

2 

400 

Tlpellnes  6 

X 

X 

1 

2 

X 

X 

X 

1 

41 

33,910 

0 

26 

I 

6.035 

OFFSHORE  _9 _ 

X 

X 

5 

17 

5 

2 

18 

19 

791 

FACILITIES  901 

21,300 

18,077 

677 

47 

3,005 

575 

42,157 

MISCELLANEOUS  1 

X 

X 

2 

2 

2 

X 

5 

2 

7 

20 

0 

600 

600 

43,820 

30 

00 

UKKNJVN  X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

TOTAL  111 

46 

42 

33 

128 

135 

108 

129 

148 

1.007 

1,455,467 

763,682 

95,950 

30,738 

1,736,257 

600,534 

148,787 

123,981 

30,404 

104,037 
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4 

8 

9 

1 

10 

68 

14 

9 

39 

100 

5 

95 

402.  . 

52 

78 

329 

30 

1,065 

9,433  ' 

2,828 

123 

2,250 

20,011 

6 

2,749 

42,771 

10 

39 

30 

8 

9 

77 

33 

11 

35 

34 

5 

80 

453 

1,281 

2,002,007 

1,577 

1,333 

1,302 

75,530 

8,204 

1,619 

il,784 

1 ,605 

869 

21,874 

2,583,952 

12 

56 

24 

16 

22 

202 

34 

13 

■. ; 

5 

7 

70 

830 

542 

8,448 

4,507 

734 

1,072 

53,339 

3,953 

17,062 

*TT>>8 

50 

70 

40,' 232 

3,739,144 

2 

8 

11 

X 

8 

64 

14 

8 

32 

20 

6 

94 

294 

230 

301 

563 

425 

9,858 

2,908 

475 

8.29B 

949 

1,903 

11,997 

40,923 

1 

12 

* 

8 

3 

JL 

53 

14 

5 

31 

137 

6 

101 

494 

15 

602 

513 

70 

366 

164.213 

389 

120 

*863 

8,711 

69 

5,894 

96,508 

1 

3 

4 

X 

1 

9 

3 

3 

o 

12 

f 

14 

145 

10 

12 

1,000 

0 

3,3,0 

3,040 

96 

M-tr" 

2,105 

T05 

1,802 

172,519 

13 

6 

12 

5 

28 

li 

9 

3 

5 

4 

24 

45 

185 

2,546 

36» 

1,103 

314 

1,366 

16,440 

796 

106 

335 

.428 

1,235 

14,585 

42,027 

21 

8 

24 

6 

24 

22 

11 

3 

18 

12 

18 

75 

294 

256,940 

4.023 

“8.146 

421 

3,056 

8,238 

221,786 

30,008 

TT2T7- 

1 ,8(26 

3,343 

20,467 

692,670 

47 

28 

18 

9 

33 

29 

19 

20 

64 

71 

26 

53 

478 

268.828 

3,715 

1,434 

859 

3,840 

153,654 

1,393 

646 

3,332 

1,519 

312 

9,218 

943,264 

46 

23 

31 

18 

50 

30 

14 

2 

38 

66 

44 

259 

715 

199,169 

96,114 

10,494 

7 .905 

9,278 

18,472 

*161,213 

60 

1,533 

23,465  5 

,0171 ,683 

1  37,699 

6,610,250 

3 

2 

2 

X 

7 

3 

X 

X 

1 

12 

9 

19 

68 

650 

55 

SO 

Til 

6,675 

5 

567 

1,840 

2,606 

13,331 

83 

40 

6 

1 

4 

1 

2 

3 

10 

2 

7 

6 

216 

854,797 

62,893 

163 

84 

159,714 

80 

410 

40 

8,971 

1,010 

25,445 

83,6  50 

1.237,227 

115 

72 

403 

233 

■  »?? 
45,542 

62 

23 

3 

27 

6 

38 

36  . 

2.317 

46,048 

3,923 

19,743 

7,775 

3,123 

9,496 

26 

1.449 

211 

3,064 

7,324 

237,063 

10 

1 

2 

2 

19 

7 

3 

X 

15 

24 

56 

69 

229 

1,305 

20 

950 

70 

301 

625 

114 

577 

6,078 

5,928 

13,246 

75,666 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

2.811 

278,415 

2.i81l 
'■276, .415 

168 

306 

584 

302 

656 

640 

193 

63 

371 

457 

257 

3.827 

9.9  11 

L .632,419 

2,183,160 

50,572 

15,595 

227,586 

423,050 

271,530 

50,3*1 

50,355 

68,515 

8,045,972 

551,758 

18,80  5,732 
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Appendix  V  1971 


INCIDENTS  BY  SIZE 


SIZE  IN 

GALLONS 

NUMBER  OF. 
INCIDENTS 

%  OF 

TOTAL 

VOLUME  IN 
GALLONS 

%  OF 
TOTAL 

UNKNOWN 

2,867 

32.9 

— 

— 

1-99 

4,272 

49.1 

9^322 

1.1 

100-999 

1,203 

13.8 

336,640 

3.8 

1,000-9,999 

285 

3.3 

830,595 

9.4 

10,000-99,999 

65 

0.7 

1,604,580 

18.1 

100,000+ 

17 

0.2 

* 

5,973,386  . 

67.6 

TOTAL 

8,709* 

100.0 

8,839,523 

100.0 

*  Number  of  incideits  does  not  include  27  reported  discharges  which  indicatet 
quantity  of  materi.il  discharged  in  pounds. 
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Appendix  VI  1971 
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